The karyotypes of 3 varieties in Cicer arietinum L. viz. BS-6, BS-7 and BS-8 were compared after differential staining with orcein, CMA and DAPI. The total chromatin length of BS-6 and BS-8 were 66.20 mm and 61.30 mm whereas 86.00 mm had in BS-7. The centromeric formulae of BS-6 was 12mϩ4sm, that of BS-7 was 14mϩ2sm and in BS-8 was 11mϩ5sm. Six CMA-positive bands were found in BS-6. Variety BS-7 and BS-8 possessed 4 CMA-positive bands in each. 20% GC-rich repeats was found in BS-6. Both BS-7 and BS-8 had 11.70% of GC-rich repeats. One CMA-negative band was found in BS-8 only. Three DAPI-negative bands were found in BS-6 at the same location where the CMA positive bands were present. Reversible banding indicates the presence of GC-rich repeats at those positions. These 3 chromosomes of BS-6 could easily be identified with reversible banding properties. No DAPI-negative band was found in BS-7 and BS-8. One DAPI-positive band was found in 2 chromosomes of BS-8. These chromosomes may consider as DAPI-positive marker. Two satellited chromosomes were found in BS-7 whereas 1 satellited chromosome was found in each BS-6 and BS-8. The satellite of BS-6 showed CMA-positive and DAPI-negative features. The satellites of BS-7 were CMA-positive and slightly DAPI-negative. The satellite of BS-8 showed CMA-and DAPI-positive nature. The different features of the satellites seem to characterize these 3 varieties.
karyotype of 3 varieties after staining with orcein, CMA and DAPI (ii) locate the AT-and GC-rich repeats in their genomes (iii) mark the chromosome for easy identification and (iv) elucidate the nature of satellites.
Materials and methods
The following 3 varieties of C. arietinum viz. BS-6, BS-7 and BS-8 were studied in this investigation. These varieties were collected from the gene bank of BARI. The plants were grown and maintained in the Botanic garden, Department of Botany, University of Dhaka, Bangladesh.
Healthy roots were collected and pretreated with 2 mM 8-hydroxyquinoline for 2.45 h at room temperature followed by 15 min fixation in 45% acetic acid at 4°C. These were then hydrolysed in a mixture of 1 N HCl and 45% acetic acid (2 : 1) at 60°C for 6 sec. The root tips were stained and squashed in 1% aceto orcein. For fluorescent banding, Alam and Kondo's (1995) method was used with slight modification. After hydrolysing and dissecting, the materials were squashed with 45% acetic acid. The cover glasses were removed quickly on dry ice and allowed to air dry for at least 48 h before study. The air-dried slides were first preincubated in McIlvaine's buffer (pH 7.0) for 30 min followed by Distamycin A (0.1 mg/ml) treatment for 10 min. The slides were rinsed mildly in McIlvaine's buffer supplemented with MgSO 4 (5 mM) for 15 min. One drop of CMA (0.1 mg/ml) was added to the materials for 15 min and rinsed with McIlvaine's buffer with Mg 2ϩ for 10 min. Slides were mounted in 50% glycerol and kept at 4°C for overnight before observation. These were observed under Nikon (UFX-IIA) fluorescent microscope with Blue Violet (BV) filter cassette. After CMA-staining, same slides were used for DAPI-staining. Slides were rinsed with distilled water followed by destaining in 45% acetic acid for 15 min. The slides were then washed in distilled water and air dried overnight. The destained preperations were immersed in McIlvaine's buffer (pH 7.0) for 20 min. The slides were treated in Actinomycin D (0.25 mg/ml) for 10 min. The slides were immersed in DAPI solution (0.01mg/ml) for 15 min and mounted with 50% glycerol. These were observed under Nikon (UFX-IIA) fluorescent microscope with ultraviolet (UV) filter cassette. In addition to counter staining direct DAPI-staining were also used.
Results and discussion

Orcein stained karyotype
The 3 varieties were found to possess 2nϭ16 chromosomes (Figs. 1-3). The total length of 2n chromosome complements was 66.20 mm and 61.30 mm in BS-6 and BS-8, respectively. On the other hand, the total length of 2n chromosome complement was 86.0 mm in BS-7 (Table 1) . Therefore, the amount of total chromatins was more in BS-7 than the other 2 varieties.
In BS-7, heteromorphicity was found in a chromosome of pair I in respect of chromosome length. The second chromosome was much smaller than the first chromosome ( Fig. 2 arrow) . BS-8 showed heteromorphicity in chromosome pair III, regarding centromeric type. In this pair, one member was sub-metacentric and the other metacentric ( Fig. 3 arrow) . The reason for heteromorphicity may be due to some kind of structural aberrations.
CMA banding
The 3 varieties showed some common CMA-banding features. These were (i) the satellited portions fluoresced brightly (Figs. 4, 5, 6, 10 arrowheads), (ii) chromosomal portions adjacent to satellites showed CMA-positive bands (Figs. 4, 5, 6, 10 arrows), (iii) CMA-bands were present at the terminal region of short arm in the members of pair I (Figs. 4, 5, 6, 10 arrows) and (iv) a number of brightly stained bands were found in the interphase nuclei (data not shown).
On the other hand, some variations in CMA-banding features were also observed in these vari-eties viz. (i) BS-6 possessed total 6 CMA-bands whereas, BS-7 and BS-8 had 4 bands in each (Figs. 4, 5, 6, 10 arrows, Table 1 ), (ii) a pair of CMA-positive bands was found in the member of chromosome pair II (one at the terminal region of long arm and one at the terminal region of short arm) in case of BS-6. BS-8 showed a pair of bands at the terminal region of short arm of both the members in pair II. Whereas no such band was found in the same pair of BS-7 ( Figs. 10a, b , c), (iii) in BS-6, a CMA-band was found at the terminal region of short arm in a member of pair VI. A centromeric CMA-positive band was found in its other member ( Fig. 10a small arrow, arrow) . BS-7 and BS-8 did not show any such band in pair VI (Figs. 10b, c) , (iv) in BS-7, an interstitial CMA-positive band was found at the short arm in a member of pair III and a terminal band on a member of pair VII (Fig. 10b small arrow, arrow) . These bands were absent in other varieties, (v) a CMA-negative band appeared at the interstitial region of the long arm in a member of pair II in BS-8 only (Fig. 10c small arrow) and (vi) the amount of GC-rich areas was also variable. In BS-7 and BS-8, it was 11.70% and 20% in BS-6 ( Table 1) .
DAPI banding
No DAPI-positive bands could be detected in BS-6 and BS-7 ( Figs. 7, 8, 11a, b ). On the other hand, 2 brightly fluoresced DAPI-positive bands were found in BS-8 ( Figs. 9, 11c arrow) . This result indicates that AT-rich repeats are distributed only in the genome of BS-8. In BS-8, out of 2 DAPI-positive bands one appeared at the interstitial region in a member of pair II (Fig. 11c small  arrow) . This portion showed a CMA-negative band (Fig. 10c small arrow) . This reversible banding indicates the presence of complete AT-rich repeats at that portion of this chromosome. In BS-6, 2 DAPI-negative bands were found in both the members of pair I (Fig. 11a arrow) . Another DAPInegative band was present in a member of pair II (Fig. 11a arrow) . These DAPI-negative bands appeared exactly at the same position where CMA positive bands were present (Fig. 10a arrow) . The reversible banding indicates that those portions of BS-6 were composed of GC-rich repeats (Schweizer 1976 ). This result correlates to high percentage of GC-rich region of this variety (Table  1) .
Satellites
Variation in number and nature of satellites was observed in these 3 varieties. In case of BS-7, 2 satellites were present on both the member of pair I (Fig. 2) . In BS-6 and BS-8, 1 satellite was observed in one member of chromosome pair I (Figs. 1, 3) . The lack of 1 satellite in BS-6 and BS-8 might be due to deletion of one. The length of satellite was found variable in these varieties (Table  1 ). In BS-6 it was 2.10 mm, whereas in BS-7 and BS-8 it was 1.60 mm and 1.00 mm, respectively (Table 1) . Therefore, the satellite bearing chromosomes of these three varieties are unique and differentiate their karyotypes. In BS-6 and BS-8, one brightly CMA-stained satellite was found (Figs.  10a, c arrowhead) . On the other hand, 2 CMA-positive satellites were present in BS-7 ( Fig. 10b arrowhead). After counter staining with DAPI, it was found that these 2 satellites of BS-7 were poorly 444 Cytologia 70(4) Shahina Akter and Sheikh Shamimul Alam stained (Figs. 8, 11b arrow) . Therefore, these 2 satellites had almost completely GC-rich repetitive sequences. On the other hand in BS-6, no satellite was observed in DAPI-staining. The reason might be due to the presence of completely GC-rich repetitive sequences at the satellite portion which remain invisible in metaphase stage in DAPI-staining. However, in case of BS-8, normal appearance of satellite was present after DAPI-staining ( Fig. 9 arrowhead) . It indicates the presence of both GC and AT rich segments close together. Variation of the number and nature of the satellites in Vigna unguiculata populations were also noticed by Galasso et al. (1998) . They were however, able to distinguished three varieties of V. unguiculata with the characterization of their satellites. The number of satellites were also variable among these Vigna unguiculata varieties. In this investigation, variation in number and nature of satellites was observed in three Cicer arietinum varieties.
Varietal diversification
This study may suggest that the distribution and amount of AT-and GC-rich repeats of these 3 varieties are related with their karyotypic diversification. The fluorescent banded chromosomes were unique in nature and could be identified easily. In addition, the number and nature of satellites may play a vital role in varietal diversification. Therefore, the above criteria could be used for characterizing the different germplasms of Cicer arietinum.
